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(57) ABSTRACT

The 1invention relates to a cascade refrigeration system with
screw compressors (3) connected with each other thermally
via a heat exchanger (20) wherein the refrigerant of the
low-temperature circuit 1s condensed 1n said heat exchanger
(20), and the refrigerant of the high-temperature circuit is
expanded in said heat exchanger (20), and in addition to said
heat exchanger (20) a desuperheater (8) is arranged in flow
direction ahead of said heat exchanger (20) in which the
working medium of the low-temperature side 1s cooled
down, while the working medium of the high temperature
circuit 1s expanded.

3 Claims, 4 Drawing Sheets
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ARRANGEMENT FOR CASCADE
REFRIGERATION SYSTEM

The subject matter of the invention relates to an arrange-
ment 1n a cascade refrigeration system with screw compres-
sors having a low-temperature circuit and a high-
temperature circuit connected with each other thermally via
a heat exchanger wherein the refrigerant of the low-
temperature circuit 1s condensed 1n said heat exchanger, and
the refrigerant of the high-temperature circuit 1s expanded 1n
said heat exchanger. In the evaporator portion of the high-
temperature circuit, the energy from the evaporator of the
low-temperature circuit and the mput power reduced by an
o1l cooling capacity are removed.

According to prior art, the high-temperature circuit in
such systems operates at an evaporating temperature lower
than the condensing temperature of the low-temperature
system. The refrigerant to be condensed of the low-
temperature circuit features a relatively high superheat with
resultmg relatively great temperature differences occurring
in the heat exchanger mentionend above.

A disadvantage of the prior art is that with the system
mentioned 1n the known arrangement a higher energy con-
sumption on the high-temperature side 1s required for
removal of the heat quanfity from the low-temperature
circuit as refrigeration on the high-temperature side with
relation to the outlet temperature of the refrigerant on the
low-temperature side 1s generated at a temperature at which
later on condensation of the refrigerant has to take place on
the low-temperature side, usually 2 to 5 Kelvin below the
condensing temperature of the low-temperature circuit.
Thus, generation of refrigeration on the high-temperature
side for heat removal from the low-temperature circuit is
uneconomical and can be improved.

The object of the invention 1s to remove part of the
superheat from the process of the low-temperature refrig-
eration system at another evaporating temperature level.

The feature of the invention 1s that in addition to the heat
exchanger mentioned 1n which the refrigerant of the low-
temperature side 1s condensed, and the refrigerant of the
high-temperature side 1s expanded, a second heat exchanger
1s arranged 1n flow direction ahead of the said heat
exchanger on the side of the refrigerant to be condensed
which 1s fed by liquid refrigerant from the high-temperature
circuit for desuperheating the fluid flow from the low-
temperature circuit. This partial refrigerant flow of the
high-temperature circuit evaporating as a result will be
supplied to the economizer opening on the screw compres-
sor of the high-temperature refrigeration system at which the
inlet pressure 1s higher than the pressure on the suction side
of the screw compressor.

The advantage of this technical solution 1s that the
coellicient of performance of the enfire system will be
improved by 5 to 10%, and hence 5 to 10% of the energy
cost will be saved, and the economic efficiency of such
system will be 1mproved considerably as a result. The
advantage 1s due to the fact that a portion of the heat 1s
removed from the low-temperature circuit at a higher evapo-
rating temperature at which the Carnot efficiency consider-
ably exceeds the Carnot efficiency at which condensation of
the refrigerant takes place in the low-temperature circuit. A
further advantage 1s that due to this arrangement the suction
flow rate of the refrigerant compressor on the high-
temperature side can be reduced by 10 to 20% with a
resulting reduction of the cost of the refrigeration system on
the high-temperature side.
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FIGS. 1 to 4 show practical examples.

FIG. 1 shows a plant schematic according to the inven-
fion consisting of a low-temperature circuit comprising a
compressor 1 being of the reciprocating piston-, helical
screw- or the like type, an evaporator 2, a control element 6,
and a high-temperature circuit comprising a SCrew cCompres-
sor 3, a condenser 4, control elements 7, 9 for expansion of
the liquid refrigerant, a cascade condenser 5 and a desuper-
heater 8, wherein both refrigerant flows coming from the
low-temperature- and high-temperature circuit pass through
the cascade condenser § and the desuperheater 8.

The refrigerant coming from the low-temperature circuit
1s first led through the desuperheater 8. As this takes place,
the refrigerant of the low-temperature circuit is nearly
cooled down to 1its condensing temperature by the refrigerant
led from the high-temperature circuit via the line 10 and the
control element 9 into said desuperheater 8. Thence, the
refrigerant 1s fed from the low-temperature circuit 1nto the
cascade condenser 5 where 1t 1s condensed by the refrigerant
led from the high-temperature circuit via the control element
7 1nto said cascade condenser 5 with the refrigerant of the
hlgh -temperature circuit evaporating and being drawn off
again by the screw compressor 3. The refrigerant which has
been fed via the line 10 and the control element 9 into the
desuperheater 8 1s supplied via the line 11 to the economizer
connection 12 on the screw compressor 3. Thus, both
circuits are closed.

The advantage of this solution 1s that desuperheating of
the refrigerant from the low-temperature circuit takes place
in the desuperheater 8 at a higher evaporating temperature
than 1n the cascade condenser 5, whereby the efficiency of
this process part 1s higher than with complete heat removal
of the refrigerant from the low-temperature circuit in the
cascade condenser 3.

FIG. 2 shows an example of such arrangement according
to the mvention with flooded heat exchangers comprising a
liquid separator 14 and desuperheater 21, separator 13 and
heat exchanger 20, where the low-temperature refrigerant is
condensed, while the high-temperature refrigerant i1s
expanded, as well as a control element, preferably a high-
pressure float 22. In the embodiment shown, the high-
temperature refrigerant 1s expanded 1n two stages. In the first
stage, the refrigerant 1s fed from the condenser 4 via the
control element being a high-pressure tloat 22 into the liquid
separator 14. As this takes place, the flash-gas portion 1s
passed to the economizer opening 12 of the screw compres-
sor 3. The low-temperature refrigerant 1s led via the line 15
through the liquid section of the liquid separator 14, with the
refrigerant being desuperheated 1n the heat exchanger tube
of the desuperheater 21. It passes through the line 23 into the
heat exchanger 20 where 1t condenses. Thence, the liquid
refrigerant 1s led via the line 16 and the control valve 17,
preferably a high-pressure float, into the separator 18 of the
low-temperature system. There, the refrigerant 1s delivered
through the evaporators 2 by refrigerant pump 19 in known
manner 1n a recirculation system. The heat exchanger 20
operates flooded on the high-temperature side 1 known
manner. Due to thermosyphonic effect, or delivered by a
pump, or due to the energy of expansion, the refrigerant
passes from the liquid separator 14 into the heat exchanger
20 where 1t evaporates, with the heat of evaporation
removed from the refrigerant of the low-temperature circuit,
which condenses as a result.

The advantage of this technical solution 1s that 1n addi-
fion to the energetic improvement to be obtained by the
schematic according to FIG. 1, a further improvement of the
process 1s attained by two-stage expansion of the high-
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temperature refrigerant whereby the volumetric refrigerating
capacity ol the high-temperature refrigeration system 1s
increased with an additional 1improvement of the Carnot
efficiency as the said system 1s operated according to the
cconomizer principle. Compared to prior art, the screw
compressor 3 1n compliance with the arrangement in the
high-temperature circuit according to the mvention can be
made by about 20% smaller.

FIG. 3 shows a desuperheater 8 and a cascade condenser
5, both flooded, with an intermediate-pressure separator 25
which 1s 1n flow connection with the economizer opening 12.
The liquid level 1n both the separator 13 and the
intermediate-pressure separator 25 1s controlled by level
controllers.

FIG. 4 shows a desuperheater 8 and a cascade condenser
5 arranged 1n a constructional unit 24.

What we claim 1s:

1. Arrangement 1 a cascade refrigeration system with
screw compressors having a low-temperature circuit and a
high-temperature circuit connected with each other ther-
mally via a heat exchanger wherein the refrigerant of the
low-temperature circuit is condensed 1n said heat exchanger,
and the refrigerant of the high-temperature circuit 1s
expanded 1n said heat exchanger, wherein 1n addition to a
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cascade condenser (5) a desuperheater (8) is arranged in
flow direction ahead of said cascade condenser on the fluid
side of the low-temperature refrigerant with the desuper-
heater (8) connected via lines with the high-temperature
circuit in such a manner that a line via a control element (9)
leads to the desuperheater (8), which via a further line (11)
is connected to an economizer opening (12) on the high-
temperature screw compressor (3).

2. Arrangement 1n a cascade refrigeration system with
screw compressors according to claim 1, wherein the high-
temperature circuit is fitted with a liquid separator (14)
which is connected to the economizer opening (12) on the
screw compressor (3), the desuperheater (21) is arranged in
the liquid separator (14), and the line (15) is connected to the
desuperheater (21) on the flow side, and the outlet of the
desuperheater (21) via line (23) is connected to the heat
exchanger (20) on the flow side.

3. Arrangement 1n a cascade refrigeration system accord-

ing to claims 1 or 2, wherein a desuperheater (8) and a
cascade condenser (§) are arranged in a constructional unit

(24).
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